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  1 
1 Introduction 
1.1 Canine Mast Cell Tumors (MCT) 
The skin is the organ most commonly affected by neoplasms in dogs (Bronden, 2010). Of 
these, canine mast cell tumors (MCT) are the most common skin tumors with a continuously 
prevalence between 14 % and 21 % (Bostock, 1986; Brodey, 1970; Kaldrymidou, 2002; 
Rothwell, 1987). Despite the fact that normal mast cells are most frequent in the lung and 
gastrointestinal tract, the vast majority of canine MCT arise in the skin (London, 2003). 
Extracutaneous MCT are described rarely and occur in the gastrointestinal tract and 
infrequently in the oral cavity and the nasopharynx (Iwata, 2000; Ozaki, 2002; Patnaik, 
1982). 
Canine cutaneous MCT can occur as primary multiple neoplasms, which are regarded as 
independent events of new MCT formation rather than metastatic events (Boston, 2011). 
Multiple MCT in dogs account for up to 21 % of all canine MCT and are considered to have a 
generally good prognosis and a low rate of metastasis (Hottendorf, 1968; Mullins, 2006; 
Murphy, 2006). Since the clinical outcome of multiple MCT does not differ from that of single 
MCT, each tumor should be regarded as single entity in terms of therapeutical approaches 
(Boston, 2011; Murphy, 2006). Canine visceral MCT display a more malignant manifestation 
of canine MCT and are referred to as systemic mastocytosis (SM) or disseminated 
mastocytosis. SM most often involves the bone marrow, spleen, liver and lymph nodes 
(O'Keefe, 1987; Thamm, 2007). In the vast majority of SM cases, an undifferentiated 
cutaneous MCT with a metastatic spread is assumed to be the origin of SM, whereas a 
primary visceral origin is rare (O'Keefe, 1987; Takahashi, 2000; Thamm, 2007). Commonly 
these tumors have an extremely poor prognosis with most dogs dying within few months due 
to tumor-related disease (O'Keefe, 1987; Takahashi, 2000). 
Despite differences in clinical presentation and pathomorphologic differentiation, canine MCT 
display the second common malignant neoplasm in dogs (Bronden, 2010). Therefore an 
early diagnosis and an adequately performed monitoring are necessary for these tumors. 
 
1.1.1 Diagnostic Approach to MCT 
The diagnostic workup for canine MCT displays a cascade of diagnostic steps that mainly 
depends on the amenability of a wide surgical excision and the presence or absence of 
negative prognostic factors. Macroscopically, MCT present as cutaneous or subcutaneous, 




and tumor manipulation can induce mast cell degranulation with subsequent erythema and 
wheal formation referred to as Darrier’s sign (Thamm, 2007). Concomitant clinical symptoms 
include vomiting and diarrhea due to a relatively high percentage of gastrointestinal ulcers 
caused by elevated histamine levels (Fox, 1990; Howard, 1969). 
In general, fine-needle aspiration (FNA) cytology is an easy and convenient method for a first 
diagnosis of canine MCT. The neoplastic mast cell appears as a round cell, with a round to 
oval, centrally located nucleus and different amounts of metachromatic cytoplasmic granules. 
These granules stain positive with Toluidine-blue and Giemsa stains but not with the often 
used Diff-Quick stain for cytologic specimens (London, 2003; Thamm, 2007). However, in 
every case of a confirmed MCT diagnosis a subsequent wide surgical excision biopsy is 
necessary because FNA cytology is not sufficient for tumor grading and consequent 
prognostication (Bostock, 1986; Thamm, 2007). In case of insufficient surgical excision or 
negative prognostic factors additional diagnostic steps prior to therapy include lymph node 
aspiration, abdominal ultrasound and a complete blood count (Thamm, 2007). Recently a 
staging system to determine metastatic mast cell disease in lymph node FNA specimens has 
been introduced (Krick, 2009). However, a precise prediction is not possible mainly due to 
the fact that scattered mast cells also occur in normal lymph node aspirates. Accordingly 
lymph node evaluation should rather be made by an incisional biopsy and histopathology 
(Bookbinder, 1992). Abdominal ultrasound is a sensitive method to determine metastatic 
spread to visceral organs. FNA should be performed either in case of ultrasonographically 
abnormal organs or of liver and spleen of dogs with a known grade III MCT according to 
Patnaik grading system (see chapter 1.1.2.1) (Stefanello, 2009). In comparison thoracic 
radiographs are of less importance because pulmonary metastases are very rare (London, 
2003; Thamm, 2007). A bone marrow aspiration is not indicated for routine diagnostic but in 
cases of tumor recurrence, new tumor development or an abnormal heamogram like 
monocytosis, eosinophilia or thrombocytopenia. In any case, the prevalence of bone marrow 
involvement is very low at 4.5 % (Endicott, 2007). 
 
1.1.2 Grading Systems and Their Prognostic Significance 
Since canine MCT have been diagnosed it has been tried to categorize them according to 
their histological pattern and biological behavior. Three main histological grading systems 
were established, representing the traditionally 3-tier grading systems by Bostock (1973) and 
Patnaik et al. (1984) and the new 2-tier grading system by Kiupel et al. (2010). The 
underlying characteristics used for the grading systems could be summarized as (A) “cell 




cell-ratio, (B) “whole tumor features” for the Patnaik grading system with additional nuclear 
morphology, tumor extension and stromal reaction and (C) as “nuclear features” for the 
Kiupel grading system, only based on nuclear morphology and mitotic index (Bostock, 1973; 
Kiupel, 2010; Patnaik, 1984). A comparison of the currently widely used Patnaik grading 
system and the new 2-tier Kiupel grading system is shown in Table 1. 
 
Table 1 Histological Grading According to Patnaik (1984) and Kiupel (2010) 
 
Patnaik (1984) Kiupel (2010) 
Histological 
grade I II III low-grade high-grade 
Extension dermis dermis, subcutis, (deep tissue) 
dermis, subcutis, 
deep tissue   




pleomorphic pleomorphic   
Cytoplasmic 






≥ 1 nucleoli 
< 3 bizarre 
nuclei / 10 hpf 
karyomegaly, 
≥ 3 bizarre 
nuclei / 10 hpf 
Multinucleated 
cells - - / + ++ < 3 / 10 hpf ≥ 3 / 10 hpf 
Mitotic index 0 / hpf 0-2 / hpf 3-6 / hpf < 7 / 10 hpf ≥ 7 / 10 hpf 
Edema/ 
necrosis - / + ++ +++   
hpf: high power field 
 
1.1.2.1 Patnaik Grading System 
In 1984 Patnaik et al. developed a grading system that is still today the most established and 
commonly used system. It is mainly based on cellular differentiation and tumor invasiveness 
and is composed of grade I, grade II and grade III tumors, a nomenclature that is in reverse 
order to that used by Bostock in 1973. Patnaik grade I tumors are confined to the dermis and 
consist of well-differentiated, round, monomorphic cells with intracytoplasmic granules and 
cells are arranged in rows or small groups separated by mature collagen. The cells contain a 
round nucleus without evidence of mitotic activity. Grade II tumors are moderately to highly 
cellular, extend to the dermis and lower subcutaneous tissue and rarely to the skeletal 




spindle and giant cells and contain intracytoplasmic granules. Cell nuclei are round to 
indented with single nucleoli. Occasional double nuclei and areas of edema and necrosis are 
present and the mitotic index (MI) is 0 to 2 per high power filed (hpf). Grade III tumors are 
highly cellular and composed of pleomorphic cells arranged in closely packed sheets with 
fine or no evident intracytoplasmic granules. The tumors usually infiltrate the subcutaneous 
and deep tissue and contain large areas of edema, hemorrhage and necrosis. The round to 
indented nuclei have one or more nucleoli and binucleated and multinucleated cells are 
common. The MI ranges between 3 and 6 mitotic figures per hpf (Patnaik, 1984). 
 
1.1.2.2 Kiupel Grading System 
Because of difficulties to consistently diagnose and predict the behavior of the intermediate 
grade II tumors, Kiupel et al. proposed in 2010 a new 2-tier grading system composed of 
high-grade and low-grade tumors. The diagnostic criteria are based on nuclear morphology 
and the number of mitotic figures with a clear definition of measurable and therefore more 
objective criteria. Thus a high-grade tumor is defined to fulfill at least one of the following 
criteria: at least 7 mitotic figures in 10 hpf, at least 3 multinucleated cells with 3 or more 
nuclei in 10 hpf, at least 3 bizarre nuclei in 10 hpf or the presence of karyomegaly with an at 
least 2-fold nuclear diameter in at least 10 % of the cells (Kiupel, 2010). 
 
1.1.2.3 Clinical Staging 
A modified clinical staging system of the World Health Organization (WHO) is used to 
determine the extent of MCT disease and to define adequate treatment strategies. 
Accordingly, canine MCT are categorized into stage 0, I, II, III and IV. Stage 0 tumors are 
incompletely excised tumors without regional lymph node involvement. Stage I and II are 
solitary tumors confined to the dermis without (I) or with (II) regional lymph node involvement. 
Multiple tumors or large infiltrating tumors with or without regional lymph node involvement 
are classified as stage III tumors whereas any tumor with distant metastasis or recurrence 
with metastasis is defined as stage IV tumor (Owen, 1980; Thamm, 2007). 
 
1.1.2.4 Prognostic Significance 
The histological grade is the most consistent and independent prognostic factor and highly 
predictive for survival, metastatic potential and clinical outcome (London, 2003; Thamm, 




grades and significantly shorter in dogs with poorly differentiated tumors compared to well or 
intermediately differentiated tumors (Abadie, 1999; Bostock, 1973; Murphy, 2004; Patnaik, 
1984). Considering the new 2-tier grading system, dogs with high-grade tumors also have a 
significantly shorter survival time; however it has to be considered that this grading system is 
strongly based on the MI, which is also known to be an independent prognostic factor for 
survival (Kiupel, 2010; Preziosi, 2004; Romansik, 2007). Other factors significantly influenced 
by tumor grade are local recurrence and time to metastasis (Kiupel, 2010; Murphy, 2004). 
Clinical stage has been significantly associated with tumor-free interval and survival with a 
worsening in prognosis with advanced clinical stage (Krick, 2009; Thamm, 1999; Turrel, 
1988). However, multiple dermal tumors that are categorized as stage III tumors do not 
necessarily have a worse prognosis than single tumors of stage 0-II (Mullins, 2006; Murphy, 
2006). 
 
1.1.3 Additional Prognostic Factors 
Prognostic factors are of major importance to assess the right diagnostic workup, to try to 
predict the biological behavior of MCT and to direct the course of the appropriate therapy. 
Numerous prognostic factors have been proposed; however most of them do not display 
independent factors but are associated with histological tumor grade (see above). Significant 
prognostic factors for survival are: histological grade, clinical stage, breed, tumor location, 
tumor size, metastasis, local recurrence, complete surgical excision, intratumoral vessel 
density, mitotic index and frequency of proliferation markers (Bostock, 1986; Kiupel, 2010; 




Several breeds develop canine MCT more frequently than others and the boxer is the most 
consistent predisposed breed in virtually all studies. Besides, there is a predisposition for 
Labrador and golden retrievers as well as terriers with Boston terriers in particular (Bostock, 
1973; Cohen, 1974; Patnaik, 1984; Thamm, 1999). Other breeds often affected are 
schnauzers, cocker spaniels, shar-peis and Australian cattle dogs (Baker-Gabb, 2003; Miller, 
1995; Patnaik, 1984; Thamm, 1999). Golden retrievers seem to be predisposed for multiple 
MCT and gastrointestinal MCT occur more frequently in miniature breed dogs and especially 




boxers, this breed tends to have well differentiated tumors and therefore often carry a better 
prognosis with a significant longer survival time (Bostock, 1973; Bostock, 1986). 
1.1.3.2 Location and Tumor Size 
Cutaneous MCT occur most frequently at the trunk, followed by the limbs and less frequently 
at the head and neck (Bostock, 1973; Rothwell, 1987; Simoes, 1994). The tumor location as 
prognostic factor is considered controversially. Tumors arising in the oral cavity, nail bed, 
inguinal and perianal region were found to have a worse prognosis, whereas survival time 
was not significantly different in another study (Sfiligoi, 2005; Thamm, 2006; Turrel, 1988). 
Tumors of primary visceral origin including gastrointestinal MCT have a generally poor 
prognosis (Takahashi, 2000). Tumors larger than 3 cm and rapid tumor growth are 
significantly associated with a shorter survival time (Bostock, 1973; Mullins, 2006). 
 
1.1.3.3 Proliferation Markers 
The proliferation rate of tumor cells is an indicator for tumor growth and often associated with 
malignant behavior. Therefore the direct measurement of dividing cells by assessing the MI 
per hpf is often used to evaluate the malignancy of tumors (Kuntz, 1997; Sanchez, 2007; 
Sarli, 2002). For canine MCT the MI is an independent prognostic factor that is significantly 
associated with survival (Preziosi, 2004; Romansik, 2007). Accordingly, the median survival 
time is 5 month for tumors with > 5 mitotic figures in 10 hpf compared with 70 month for 
tumors with ≤ 5 mitotic figures in 10 hpf (Romansik, 2007).  
The three commonly used proliferation markers are argyrophilic nucleolar organizer regions 
(AgNOR), Ki-67 and proliferating cell nuclear antigen (PCNA) which are used to indirectly 
measure the cell proliferation in many types of tumors (Laprie, 2001; Pena, 1998; Sarli, 
2002). AgNOR are areas in the nucleus that are associated with proteins for gene 
transcription and can be visualized by silver staining and therefore can be used for formalin-
fixed and paraffin embedded biopsy specimens and FNA cytologic specimens (Kravis, 1996). 
PCNA and Ki-67 are proteins that are expressed during the cell cycle and are detected by 
immunohistochemistry. High scores for Ki-67, AgNOR and PCNA in canine MCT are 
significantly associated with a shorter survival time, tumor recurrence and development of 
metastases (Abadie, 1999; Bostock, 1989; Scase, 2006; Seguin, 2006; Webster, 2007). 






1.1.3.4 KIT Receptor and c-KIT Mutation 
Normal and neoplastic mast cells express the growth factor receptor KIT. An aberrant diffuse 
or perinuclear cytoplasmic protein expression of the commonly membrane bound KIT shows 
a correlation with tumor grade and is significantly more present in higher grade tumors 
(Giantin, 2012; Gil da Costa, 2007; Preziosi, 2004). It has been correlated with a poor 
prognosis due to local recurrence and a decrease in the disease-free interval and survival 
(Webster, 2004; Webster, 2008). Mutations in the encoding c-KIT gene occur more 
frequently in higher grade and thus more dedifferentiated tumors (Downing, 2002; Zemke, 
2002). They are also significantly associated with a worse prognosis including an increase in 
local recurrence and tumor-related death and a decreased disease-free interval and survival 
(Webster, 2006; Webster, 2008). Because of the correlation of c-KIT mutations with an 
increase in cell proliferation they have been proposed to contribute to MCT growth (Webster, 
2007). 
 
1.1.4 Molecular Carcinogenesis 
Carcinogenesis is the process of initiating and promoting cancer by transformation of normal 
to neoplastic cells which is caused by promotion of autonomous cell proliferation 
(oncogenes) or failure of growth inhibition (tumor suppressor genes). Oncogenes emerge 
from mutated proto-oncogenes, the normal quiescent counterpart, and lead to production of 
oncoproteins which often display constitutively activated growth factor receptors (Stricker, 
2010). 
The proto-oncogene c-KIT has been identified to play a role in the molecular carcinogenesis 
of mast cell neoplasms in men and dogs (Longley, 1999; Ma, 1999). The encoded KIT 
receptor is a receptor tyrosine kinase that is activated through the stem cell factor (SCF) and 
contributes to cell proliferation, maturation and survival. Activating mutations in the 
autoinhibitory juxtamembrane region lead to a constitutively activated receptor (Roskoski, 
2005). In 1996 the KIT protein was identified in canine neoplastic mast cells with the property 
of SCF binding (London, 1996). Internal tandem duplications were identified in exon 11, the 
coding region of the juxtamembrane domain, and correlated with a worse prognosis (London, 
1999; Webster, 2006; Webster, 2008). Despite this landmark in MCT research, it has to be 
considered that only 9-17 % of canine MCT carry relevant c-KIT mutations (Letard, 2008; 
Webster, 2006; Webster, 2007; Zemke, 2002). Besides the genetic alterations an aberrant 
cytoplasmic KIT protein expression in addition to the normal membrane signal was identified 





Another receptor that is expressed in human and canine neoplastic mast cells is the 
5-hydroxytryptamine (5-HT, serotonin) receptor 1A (5-HT1AR) and its ligand serotonin 
(Froberg, 2009; Ritter, 2012). Serotonin has several functions like cell proliferation, 
differentiation and maturation and acts as growth factor for several types of tumors (Azmitia, 
2001; Siddiqui, 2005). 5-HT1AR and serotonin are expressed in both normal and neoplastic 
canine mast cells and the expression in canine MCT is negatively correlated with histological 
tumor grade (Froberg, 2009). 
 
1.2 The Interleukin-2 Receptor (IL-2R) and Human Mastocytosis 
1.2.1 Classification of Human Mastocytosis 
Human neoplastic mast cell disorders consist of a variety of subtypes that are categorized 
according to the WHO classification system of hematopoietic tumors (Horny, 2008). There 
are two main entities composed of cutaneous mastocytosis, which is limited to the skin and is 
referred to as the equivalent to canine MCT, and systemic mastocytosis (SM), which is a 
disseminated condition and defined by major and minor diagnostic criteria (Andersen, 2012; 
Horny, 2009; Valent, 2007; Valli, 2002). 
 
1.2.2 CD25 in Human Mastocytosis 
The expression of the interleukin-2 receptor (IL-2R) subunit CD25 in neoplastic mast cells is 
defined as a minor diagnostic criterion for SM in humans (Horny, 2008; Valent, 2001). This 
was assessed after CD25 had been shown to be a marker that distinguishes neoplastic from 
non-neoplastic human mast cells in patients with SM by immunohistochemistry (IHC) and 
flow cytometry (Baumgartner, 2008; Escribano, 1998; Krokowski, 2005; Sotlar, 2004; van 
Daele, 2009). Accordingly, CD25 is expressed by neoplastic bone marrow, gastrointestinal 
and cutaneous mast cells from SM patients but not by normal and reactive mast cells in 
corresponding tissues (Escribano, 2001; Hahn, 2007; Hollmann, 2008). The studies, 
however, were restricted to develop a diagnostic tool rather than to analyze a functional role 
in SM carcinogenesis or to correlate it with prognosis, as it was done in other types of human 




1.2.3 Structure and Function of the IL-2R 
IL-2R signaling plays a crucial role in the adaptive immune response. It promotes 
differentiation of effector T cells and development of regulatory T cells (Treg) and is in charge 
of T cell homeostasis and regulation of T cell tolerance (Malek, 2010). 
The IL-2R (Figure 1) is a cytokine receptor that consist of three subunits, namely the 
α-subunit (IL-2Rα) CD25, the β-subunit (IL-2Rβ) CD122 and the common γ chain (IL-2Rγ/γc) 
CD132 (Leonard, 1984; Sharon, 1986; Takeshita, 1992). Functional activity of the IL-2R 
requires complete trimeric receptor assembly, which, after binding of the ligand interleukin-2 
(IL-2), displays a stable quaternary high-affinity IL-2–IL-2R complex (Boyman, 2012; Malek, 
2010; Wang, 2009). Binding of IL-2 to the IL-2R complex induces phosphorylation of IL-2Rβ 
through Janus kinase 1 (JAK1) and IL-2Rγ through Janus kinase 3 (JAK3). Thus different 
intracellular signaling pathways are initiated, for instance the phosphatidylinositol 3-kinase 
(PI3K) pathway, the mitogen-activated protein kinase (MAPK) pathway and the signal 
transducers and activators of transcription (STAT) system. Associated receptor functions 
include cell growth and cell survival as well as cell activity and maintenance (Boyman, 2012; 
Malek, 2008; Wang, 2009; Zeiser, 2008). The complete trimeric receptor is generally 
expressed by Treg and antigen-activated T cells but expression of single subunits is evident 






       
Figure 1 Schematic Structure of the Interleukin-2 Receptor 
The interleukin-2 receptor is a cell surface receptor that consists of three subunits, the α-subunit 
CD25, the β-subunit CD122 and the common γ chain CD132. CD25 initially binds the ligand IL-2 
which leads to a stable quaternary ligand-receptor complex. 
 
1.2.4 IL-2R Subunits and the Ligand Interleukin-2 (IL-2) 
The α-subunit CD25 does not participate in signaling but binds the ligand IL-2 and thus 
increases the affinity of the ligand–receptor interaction (Wang, 2005). Despite the expression 
of CD25 as part of the trimeric IL-2R there are only infrequent references of CD25 
expression in lymphoid progenitor cells, antigen-presenting cells, endothelial cells and 
fibroblasts (Boyman, 2012). The IL-2Rβ-subunit CD122 and the common γ-chain CD132 
mediate the signal transduction of the IL-2R (Nakamura, 1994). Co-expression of IL-2Rβ and 
the common γ-chain has been identified on fibroblast-like synoviocytes, endothelial cells, 
natural killer (NK) cells, natural killer T (NKT) cells, memory CD8+ T cells and some lymphoid 
progenitor cells. Co-expression with IL-2Rα has been found on endothelial cells, fibroblasts 
and occasionally on lymphoid progenitor cells (Boyman, 2012; Corrigall, 2001). The IL-2R 
γ-subunit or common γ-chain is necessary for IL-2R signaling (Nakamura, 1994). Apart from 
the IL-2R it is part of several cytokine receptors and is widely expressed on virtually all 




The ligand IL-2 is a cytokine that is predominately produced and secreted by 
antigen-activated T cells after immunological activation. Activated dendritic cells, NK cells 
and NKT cells also have the ability to produce IL-2 although the biological relevance is 
unclear. 
 
1.2.5 Role of IL-2R in Tumors 
Single subunits, the complete receptor and/or IL-2 are also expressed by certain human 
tumors or cancer-derived cell lines. In addition to the most frequently affected hematopoietic 
tumors, including systemic mastocytosis in men, it is occasionally observed in some solid 
tumors like breast cancer, cervical cancer or lung cancer (Garcia-Tunon, 2004; Kasprzak, 
2007; Mindiola, 2008).  Furthermore, IL-2R and/or IL-2 expression is found in human and 
murine tumor cell lines including a murine mastocytoma cell line (Alileche, 1993; Garcia de 
Galdeano, 1996; Hassuneh, 1997; Lin, 1995). IL-2R and IL-2 expression in carcinoma cell 
lines have been associated with increased cell proliferation (Reichert, 2000; Reichert, 1998). 
The most striking correlation of the IL-2R and cancer, however, is a soluble form of CD25 
(CD25s) since high serum levels of CD25s are related to carcinogenesis and occasionally to 
prognosis in human cancer (Bien, 2008; Goto, 2005; Kallio, 2001; Kuhn, 2005; Ottaiano, 
2006).  
 
1.3 Aims and Hypotheses 
The prognostic assessment and therapeutical strategies of canine MCT depend highly on the 
biological behavior of these tumors which is mainly correlated with histological grade. 
However, despite the presence of c-KIT mutations little is known about underlying molecular 
mechanisms for MCT development and malignant progression that could be responsible for 
the diverse malignant behavior of these tumors. Recently, the IL-2R α-subunit CD25 has 
been introduced as a marker to distinguish neoplastic from non-neoplastic human mast cells 
in SM patients which leads to the assumption that the IL-2R may have an impact on the 
development and tumor growth of neoplastic mast cell diseases. The aims of this project 
were therefore to evaluate CD25 as a possible tumor marker for canine MCT, to investigate 
the expression of the remaining subunits and the ligand of the IL-2R and to assess the 
usefulness of the IL-2R as a malignancy marker for canine MCT. Accordingly, the following 






The IL-2R-α-subunit CD25 is expressed by canine cutaneous MCT and differentiates 
neoplastic from non-neoplastic canine cutaneous mast cells. 
 
Second Hypothesis 
The complete IL-2R and the ligand IL-2 are expressed by canine cutaneous MCT. The IL-2R 
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4 Concluding Discussion 
The link between IL-2R expression and  neoplastic mast cell diseases is a comparatively 
new approach in human medicine and has not been investigated in veterinary medicine so 
far. This is paralleled by the fact that molecular mechanisms contributing to MCT 
development and malignancy in dogs are widely unknown as well as reasons for the 
heterogeneous biological behavior of canine MCT. A link between cytokine receptor activity 
and mast cell tumor proliferation appears probable since cytokines like IL-3, IL-4, IL-9 and IL-
10 mediate the proliferation and differentiation of non-neoplastic mast cells (Renauld, 1995; 
Shelburne, 2001). 
To this end the present work investigated the potential influence of the cytokine receptor 
IL-2R in canine MCT with regard to its potential use as a diagnostic marker and its possible 
role in MCT carcinogenesis. Accordingly, the following two hypotheses were tested here. 
 
4.1 First Hypothesis 
The IL-2R-α-subunit CD25 is expressed by canine cutaneous MCT and differentiates 
neoplastic from non-neoplastic canine cutaneous mast cells. 
 
To test the first hypothesis CD25 mRNA and protein expression was investigated in canine 
MCT of different histological grade according to the commonly used Patnaik grading system 
and the new 2-tier Kiupel grading system (Kiupel, 2010; Patnaik, 1984). CD25 protein 
expression was further analyzed in non-neoplastic resting connective tissue mast cells of 
normal canine skin and in activated connective tissue mast cells from canine allergic 
dermatitis specimens. 
On the mRNA level, CD25 was significantly increased in grade III MCT and high grade MCT 
compared to grade I MCT and low grade MCT, respectively (Supplement 1). This increased 
expression in higher grade tumors was in accordance with our assumption that CD25 and 
thus the IL-2R may have an impact on MCT proliferation that is known to be increased in 
higher grade and thus more malignant MCT (Abadie, 1999; Bostock, 1989; Romansik, 2007). 
The antibody used for the protein analysis was a monoclonal mouse-anti-human antibody 
(clone 4C9) since neither a canine-specific antibody nor an antibody with cross-reactivity in 
dogs was available at the time of the study. To ensure a specific CD25 protein expression in 
the canine specimens, the cross-reactivity of the antibody was tested before. Canine CD25 




lacking signals in the corresponding negative controls which clearly demonstrated the 
cross-reactivity of the antibody. Subsequently, CD25 expression was evaluated by 
immunohistochemistry in 90 canine cutaneous MCT with detection of CD25 protein in 81 of 
90 MCT (90 %), a prevalence comparable to that in human SM patients (Baumgartner, 2008; 
Krokowski, 2005; Sotlar, 2004). Due to the fact that CD25 is normally expressed by T cells, 
the number of tumor infiltrating lymphocytes was assessed by a CD3 immunolabeling and 
was present at up to 15 % in higher grade tumors. However, a CD25/CD3 double 
immunolabeling confirmed that virtually all CD25 positive cells did not co-express CD3 and 
therefore only a few CD25 positive T cells contribute to CD25 expression in canine MCT. 
The number of CD25 positive tumors was negatively correlated with tumor grade and thereby 
contradictory to the mRNA results. To further specify this, a semiquantitative analysis of the 
percentage of CD25 positive cells per tumor was assessed and revealed also a significant 
decrease of CD25 positive cells with increasing tumor grade (Supplement 1). The fact that 
not all neoplastic mast cells expressed CD25 is also described in SM patients and most likely 
reflects the heterogeneity of neoplastic cells within a tumor (Hollmann, 2008). The fact that 
the expression was negatively correlated with tumor grade, however, is less obvious to 
explain. It may be due to the advanced independence of tumor cells with increasing 
malignancy but certainly challenge the potential influence on MCT proliferation. It may also 
suggest a role in initial MCT development rather than in malignant progression. 
Based on this, the expression of CD25 in normal resting and reactive cutaneous mast cells 
was investigated by immunofluorescence double labeling of CD25 and KIT. In contrast to the 
consistent co-expression of CD25 and KIT in MCT cells, none of the KIT-positive 
non-neoplastic mast cells in healthy skin specimens expressed the CD25 protein. This was in 
accordance with recent findings in human medicine, where CD25 expression is used to 
distinguish neoplastic from non-neoplastic resting or reactive mast cells in SM patients 
(Sotlar, 2004; Valent, 2001). In dogs, however, few reactive mast cells of allergic dermatitis 
specimens expressed CD25 as well. This finding points toward a link between CD25 
expression and mast cell activation as it is known for T cells in the course of immune 
response (Boyman, 2012). Alternatively, CD25 expression in activated mast cells and MCT 
may support the idea of a progression from activated mast cells to neoplastic MCT cells. This 
hypothetical link between inflammation and the development of cancer is well known for 
several other tumor types but is mostly due to growth factors in the inflammatory 
microenvironment and not a malignant progression of the inflammatory cell itself (Coussens, 
2002). In any case, CD25 expression of few reactive cutaneous mast cells diminishes the 
applicability of CD25 as a reliable neoplastic mast cell marker in dogs. 
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Apart from its potential pro-proliferative function, CD25 expression by canine MCT could also 
be a mechanism to escape from anti-tumor immune response. In this scenario neoplastic 
mast cells compete with tumor infiltrating T cells for IL-2 and capturing of IL-2 by MCT cells 
would suppress the proliferation and activation of tumor infiltrating T cells. This hypothesis is 
supported by the findings of this study where lower grade canine MCT with high CD25 
expression contained less tumor infiltrating T-cells than higher grade tumors with low CD25 
expression. However, higher numbers of tumor infiltrating T cells in higher grade canine MCT 
could also be a general feature of malignant tumors instead of a direct effect of CD25 
expression. It finally also does not explain the biological significance of decreasing CD25 
expression with increasing degree of malignancy in canine MCT. In any case, CD25 alone is 
not sufficient for IL-2R dependent signaling but the complete receptor assembly of all three 
subunits is required for functional activity of the IL-2R. 
 
4.2 Second Hypothesis 
The complete IL-2R and the ligand IL-2 are expressed by canine cutaneous MCT. The IL-2R 
is increased in higher grade tumors and thus contributes to mast cell tumor proliferation. 
 
Based on the results of the first hypothesis the mRNA and protein expression levels of the 
remaining IL-2R subunits CD122 (IL-2Rβ) and CD132 (IL-2Rγ) and the ligand IL-2 were 
analyzed in canine MCT of different grade and c-KIT mutation status. Additionally, the 
binding capacity of IL-2 to MCT cells was tested in an immunohistochemistry based IL-2 
linking assay. 
The mRNA of CD122 and CD132 was increased in higher grade tumors compared to lower 
grade tumors and therefore alike the mRNA expression of the α-subunit CD25. The mRNA 
expression of the ligand IL-2, however, was consistently decreased with increasing tumor 
grade. In contrast, the c-KIT mutation status did not have a significant influence on the 
mRNA expression level of the IL-2R and IL-2 (Supplement 1). 
Immunohistochemistry revealed that the CD122 and CD132 proteins as well as the IL-2 
protein were expressed by canine neoplastic mast cells and hence confirmed the first part of 
the second hypothesis. As for CD25, the number of CD122 and CD132 positive tumors as 
well as the percentage of positive tumor cells clearly decreased with increasing tumor grade 
(Supplement 1). Therefore part two of the second hypothesis has to be rejected and hence 
the impact on MCT proliferation and carcinogenesis has to be reconsidered. A similar 




5-HT1AR in canine MCT and for growth factor receptors in canine mammary carcinomas 
(Froberg, 2009; Klopfleisch, 2010; Klopfleisch, 2011). This may reflect the independence of 
malignant and thus more dedifferentiated tumors from external proliferation stimuli but a 
definitive explanation of this phenomenon has not been found so far. Nevertheless, high 
IL-2R expression in lower grade tumors may imply relevance for early MCT development and 
well differentiated tumors but less importance at later stages of malignancy. IL-2R expression 
is therefore not sufficient to be a malignancy marker of canine MCT but may be used as a 
diagnostic marker for well differentiated tumors. 
CD122 and CD132 proteins were detected in 90 % and 96 % of MCT, respectively, a 
prevalence similar to that for CD25. Altogether, 77 % of canine MCT expressed all three 
subunits and hence the complete IL-2R. This is noteworthy since the trimeric receptor 
assembly is necessary for IL-2R signaling and consequently only tumors that express all 
three subunits may have the property of IL-2R dependent receptor functions. Since both 
subunits are also components of the IL-15 or the IL-4 receptor it can be speculated that 
canine MCT cells may also express other cytokine receptors than the IL-2R (Giri, 1994; 
Kondo, 1993). The expression of the IL-15 or the IL-4 receptor, however, has not been 
analyzed in canine MCT so far. 
The IL-2 protein was expressed in only 64 % of canine MCT, a lower prevalence compared 
to the IL-2R, which was mainly due to the fact that many grade III and high grade MCT 
completely lacked IL-2 expression. However, the generally decreased protein expression 
with higher tumor grade was the same as for the IL-2R. The fact that canine neoplastic mast 
cells express both the IL-2R and the ligand IL-2 leads to the assumption of a possible 
autocrine IL-2R signaling in canine MCT. An autocrine growth regulation of the IL-2R is well 
known for T cells and has been recently described for cervical cancer cells (Malek, 2010; 
Rangel-Corona, 2010). As for c-KIT mutated MCT, this may be an efficient mechanism of 
independent tumor cell proliferation but in this case without need of an activating mutation. 
Referring to this assumption it had to be evaluated whether IL-2R expressing mast cells are 
capable of IL-2 binding. A therefore established IL-2 linking assay revealed an 
immunohistochemically enhanced IL-2 signal after incubation with an IL-2 peptide. This 
indicates that IL-2R expressing neoplastic mast cells are able to bind IL-2 and thus IL-2R 
signaling may be relevant for canine MCT. 
The growth factor receptor KIT is related to the IL-2R/IL-2 system since the KIT ligand SCF 
augments IL-2 mediated proliferation of NK cells (Fehniger, 1997). A link between KIT and 
the IL-2R in canine MCT has been shown here insofar as CD122 and CD132 and in 
particular the IL-2 protein expression was consistently decreased in c-KIT mutated tumors in 
this study. Concerning a biological significance this could be both an effect and a cause. 
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Hypothetically c-KIT mutated tumors might not need other external proliferation stimuli 
because of the permanently activated growth factor receptor KIT. On the other hand it has 
been shown that activated c-KIT is able to phosphorylate and activate the IL-2R in the 
absence of IL-2 (Rocha-Zavaleta, 2004). That means that in case of a mutated and thus 
permanently activated c-KIT the ligand IL-2 might not be needed to induce IL-2R signaling. 
 
4.3 Therapeutic Relevance of IL-2R Expression in Canine MCT 
IL-2R expression in canine MCT enables potential treatment strategies besides the 
commonly used radiotherapy and tyrosine kinase inhibitors in case of insufficient surgery. 
These may include drugs like rapamycin or ciclosporin that interfere with the IL-2R pathway 
in lymphocytes or the novel group of recombinant immunotoxins which are fusion proteins 
composed of a truncated toxin and a targeting ligand (FitzGerald, 2011; Kreitman, 2000; 
Reichert, 1999). For the IL-2R/IL-2 system two immunotoxins are currently being tested or 
approved for treatment of hematological malignancies. Denileukin diftitox (DAB389-IL2) is an 
immunotoxin composed of IL-2 and truncated diphtheria toxin that targets the IL-2R, while 
LMB-2 (anti-Tac(Fv)-PE38) is composed of a CD25 antibody fused to truncated 
Pseudomonas exotoxin and therefore specifically targets CD25 (FitzGerald, 2011; Kreitman, 
2000). Another aspect of therapeutic approaches in this context is the administration of IL-2 
as antitumor treatment in human and veterinary medicine (Finocchiaro, 2012; Grande, 2006; 
Stewart, 2006). 
Assuming that IL-2R expressing neoplastic mast cells could be stimulated by therapeutically 
administered IL-2 would consequently exclude canine MCT from this therapy form. In striking 
contrast a recently published study revealed that intratumoral IL-2 application can induce 
regression of non-resectable MCT in dogs (Ziekman, 2013). Possible explanations may be 
that exogenous IL-2 does not influence IL-2R signaling in canine MCT cells, especially 
because the proposed mechanism of local IL-2 application is a vascular leakage and 
diminished circulation in the tumor rather than an immunostimulatory effect. Another 
important fact is that only non-resectable and thus presumably higher grade tumors were 
included in that study whereas higher grade tumors in the present study had a weak IL-2R 
expression. Therefore it should be considered to exclude at least lower grade canine MCT 
with high IL-2R expression from this form of therapy or to conduct a study of therapeutical 






The aim of this thesis was to investigate additional molecular mechanisms besides the 
proto-oncogene c-KIT that may contribute to MCT development and carcinogenesis in dogs. 
In that context the so-called tumor microevolution seems to be important, for instance the 
acquirement of molecules that are normally restricted to other cell types but display 
advantages for tumor survival and tumor growth. The IL-2R and particularly the α-subunit 
CD25 seemed to be a promising target since the receptor promotes cell activation and 
proliferation in immune cells and expression of CD25 was correlated with a neoplastic mast 
cell phenotype in humans. Therefore two hypotheses were tested here, namely that the IL-
2R α-subunit CD25 is expressed by canine cutaneous MCT and differentiates neoplastic 
from non-neoplastic mast cells and that the remaining subunits and the ligand IL-2 are 
expressed as well and an increased IL-2R expression in higher grade tumors contributes to 
mast cell tumor proliferation. 
The findings of the study supported the first hypothesis since CD25 was expressed by canine 
cutaneous MCT and was able to differentiate neoplastic from non-neoplastic resting mast 
cells but was also slightly expressed in non-neoplastic activated mast cells. The latter, 
however, unfortunately diminishes the applicability of CD25 as a reliable tumor marker for 
neoplastic mast cells in dogs. The second hypothesis was partially confirmed since the 
majority of canine cutaneous MCT expressed both the IL-2R and the ligand IL-2 but the 
protein expression was consistently decreased with increasing tumor grade. Thus IL-2R 
expression in canine MCT seems not to significantly contribute to MCT proliferation, at least 
not in malignant tumors. 
Taken together this implies that the IL-2R may be more relevant for early MCT development 
and lower grade tumors but less important at later stages of malignancy. This should also be 
taken into consideration when dealing with new treatment options such as intratumoral IL-2 
application because well differentiated tumors with high IL-2R expression may not be 
appropriate for this form of therapy. 
 
4.5 Outlook 
Results of the present study proposed that IL-2R signaling in canine MCT may contribute to 
tumor development and tumor cell proliferation as it was shown for IL-2R expressing 
carcinoma cell lines so far (Rangel-Corona, 2010; Reichert, 1998; Rocha-Zavaleta, 2004). 
Vital requirements for that are the expression of the trimeric receptor, the capability of the 
receptor to bind the ligand IL-2 and the ability to trigger corresponding downstream signaling 
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pathways. Here the expression of the complete IL-2R in canine MCT was demonstrated and 
an IL-2 linking assay gave a first hint towards an IL-2 binding capacity of IL-2R expressing 
MCT cells. To verify this, in vitro studies for relevant downstream signaling molecules may be 
useful. Furthermore, expression of the IL-2R/IL-2 system and responding to exogenous IL-2 
in canine MCT cell lines could be used to assess a pro-proliferative effect in vitro. In that 
context also a potential interaction of IL-2 and SCF, as shown for NK cells, could be 
analyzed in cell culture based proliferation assays (Fehniger, 1997). 
Another attempt of the study was to identify CD25 as a potential tumor marker or malignancy 
marker for canine MCT. However, this could not be achieved because few non-neoplastic 
activated mast cells expressed CD25. Unfortunately, due to technical difficulties, it was not 
possible to assess the expression of the remaining subunits and IL-2 in non-neoplastic mast 
cells. It may be possible that some of these proteins clearly differentiate neoplastic from non-
neoplastic mast cells as shown for CD25 in humans (Krokowski, 2005; Sotlar, 2004). 
However, the more useful tool would be to establish a malignancy marker rather than a 
tumor marker. Unfortunately, the IL-2R and IL-2 expression was negatively correlated with 
tumor grade and therefore not applicable as an MCT malignancy marker. Despite the 
histological grade is the most consistent prognostic factor, however, a clinical follow up would 
be helpful to determine a correlation of IL-2R expression and a malignant phenotype besides 
from histological grade. 
The expression of a molecule that is normally restricted to other cell types leads to the 
assumption of causative mutations in the corresponding gene. Based on the results of this 
study a molecular gene analysis of the IL-2R and IL-2 may identify underlying genomic 





Interleukin-2 Receptor Expression in Canine Cutaneous Mast Cell Tumors 
Anja Meyer 
Canine cutaneous mast cell tumors (MCT) are among the most frequently observed tumors 
in small animals and are the most common skin tumors in dogs. Many attempts have been 
made to predict their biological behavior because this tumor entity occurs from relatively 
benign tumors with a good long-term prognosis to highly malignant tumors with short survival 
times. So far, the histological grade is the most independent predictive prognostic factor; 
however, underlying molecular mechanisms that contribute to the variable malignancy of 
these tumors are widely unknown so far. One important aspect is the identification of 
mutations in the proto-oncogene c-KIT which has been associated with higher histological 
tumor grade and also with a worse prognosis. However, only up to 17 % of canine MCT 
exhibit relevant c-KIT mutations and thus additional factors must contribute to MCT 
carcinogenesis. 
In human mast cell diseases CD25, the α-subunit of the interleukin-2 receptor (IL-2R), has 
recently been defined as a minor diagnostic criterion for systemic mastocytosis (SM). The 
IL-2R is normally restricted to lymphoid immune cells but has also been described in several 
human tumors so far. Therefore the aim of the present study was to investigate the 
expression of the IL-2R and the ligand interleukin-2 (IL-2) in canine cutaneous MCT with 
regard to a potential influence on MCT development, MCT proliferation and the manifestation 
of a malignant phenotype. To this end the mRNA and protein expression of the three 
subunits of the IL-2R and the ligand IL-2 were analyzed in 90 canine cutaneous MCT and 
correlated with the histological grade and the c-KIT mutation status. Furthermore 
co-expression of CD25 and KIT was investigated in non-neoplastic resting and activated 
mast cells compared with canine MCT. Finally an immunohistochemistry based IL-2 linking 
assay was established to reveal a potential IL-2 binding capacity of IL-2R expressing 
neoplastic mast cells. 
Canine neoplastic mast cells expressed both the IL-2R and IL-2 but the expression was 
negatively correlated with tumor grade and c-KIT mutation status. In contrast, non-neoplastic 
resting mast cells lacked CD25 expression while few activated mast cells exhibited the CD25 
protein. Additionally, IL-2R expressing tumor cells were shown to be able to bind the ligand 
IL-2. In conclusion the IL-2R/IL-2 system seems to have an impact on canine cutaneous 
MCT since the complete receptor and the ligand are expressed by canine neoplastic mast 
cells. The decreased expression in dedifferentiated tumors, however, diminishes their 




MCT development, especially since CD25 was not present in non-neoplastic resting mast 
cells. The ability of neoplastic mast cells to bind the ligand IL-2 suggests a pro-proliferative 
IL-2R function, although the negative correlation between IL-2R expression and tumor grade 
questions a major role in MCT proliferation. In any case, the IL-2R expression of canine MCT 
cells should be taken into consideration when dealing with new forms of antitumor therapies. 
Especially the recently proposed intratumoral IL-2 application for canine MCT should be 




Interleukin-2-Rezeptor Expression in kaninen kutanen Mastzelltumoren 
Anja Meyer 
Kanine kutane Mastzelltumoren (MZT) gehören zu den häufigsten Tumoren in der 
Kleintiermedizin und stellen den häufigsten Hauttumor des Hundes dar. Das biologische 
Verhalten von MZT ist sehr variabel und reicht von relativ gutartigen Tumoren mit guter 
Langzeitprognose bis hin zu bösartigen Tumoren mit sehr kurzen Überlebenszeiten. Um das 
biologische Verhalten dieser Tumoren möglichst präzise vorhersagen, ist der histologische 
Tumorgrad bisher der zuverlässigste unabhängige Prognosefaktor. Die zugrunde liegenden 
molekularen Mechanismen, welche zu der unterschiedlich ausgeprägten Malignität dieser 
Tumoren beitragen, sind bisher jedoch weitestgehend unbekannt. Lediglich die Identifikation 
von Mutationen im Proto-Onkogen c-KIT stellt einen relevanten Aspekt in der Karzinogenese 
von kaninen MZT dar, da c-KIT-Mutationen mit einem hohen Tumorgrad sowie mit einer 
schlechteren Prognose assoziiert wurden. Einschränkend muss jedoch beachtet werden, 
dass nur bis zu 17 % der MZT relevante c-KIT-Mutationen aufweisen und somit zusätzliche 
Mechanismen für die Karzinogenese von MZT eine Rolle spielen müssen.  
In der Humanmedizin wurde kürzlich die Expression von CD25, der α-Untereinheit des 
Interleukin-2-Rezeptors (IL-2R), als diagnostisches Kriterium für die systemische 
Mastozytose (SM) beim Menschen definiert. Eine Expression des IL-2R ist normalerweise 
auf lymphoide Zellen, insbesondere T-Zellen, beschränkt, wurde aber auch für einige 
Tumoren beim Menschen beschrieben. Ziel dieser Studie war es daher, die Expression des 
IL-2R und des Liganden Interleukin-2 (IL-2) in kaninen MZT zu untersuchen und deren 
Einfluss hinsichtlich der Tumorentstehung, der Tumorproliferation und der Ausbildung eines 
bösartigen Tumorphänotyps zu bewerten. Dafür wurde die mRNA- und Proteinexpression 
der drei IL-2R-Untereinheiten sowie des Liganden IL-2 in 90 kaninen kutanen MZT 
untersucht und mit dem histologischen Tumorgrad sowie dem c-KIT-Mutationsstatus 
korreliert. Weiterhin wurde die Co-Expression des KIT-Rezeptors und des CD25-Proteins 
sowohl in kaninen MZT als auch in nicht-neoplastischen, ruhenden und aktivierten 
Mastzellen der Haut analysiert. Mittels eines immunhistologischen IL-2-Bindungsasseys 
sollte anschließend die Fähigkeit von MZT-Zellen untersucht werden, den Liganden IL-2 zu 
binden.     
Kanine MZT-Zellen exprimierten sowohl den IL-2R als auch IL-2, welche jedoch auf 
Proteinebene negativ mit dem Tumorgrad und dem Vorhandensein einer c-KIT-Mutation 
korreliert waren. Demgegenüber exprimierten nicht-neoplastische, ruhende Mastzellen der 




Weiterhin konnte gezeigt werden, dass IL-2R-exprimierende Tumorzellen die Fähigkeit 
besitzen, den Liganden IL-2 zu binden. Zusammenfassend kann somit geschlussfolgert 
werden, dass der IL-2R und IL-2 relevant für kanine MZT sind, da sowohl der komplette 
Rezeptor als auch der Ligand von neoplastischen Mastzellen exprimiert werden. Die 
geringere Expression in entdifferenzierten Tumoren schließt die IL-2R-Expression als 
Malignitätsmarker jedoch aus. Dennoch erscheint ein Einfluss des IL-2R in der Initiation von 
MZT durchaus möglich, vor allem da CD25 zwar in MZT aber nicht in nicht-neoplastischen, 
ruhenden Mastzellen exprimiert wurde. Die Fähigkeit neoplastischer Mastzellen, den 
Liganden IL-2 zu binden, weist weiterhin auf eine Funktion des IL-2R in der Proliferation von 
MZT hin, wobei die negative Expression mit ansteigendem Tumorgrad einen relevanten 
Einfluss zumindest für bösartige Tumoren in Frage stellt. In jedem Fall sollte die Expression 
des IL-2R in kaninen Mastzelltumoren bezüglich neuer IL-2-abhängiger Therapieformen 
beachtet werden. Vor allem die kürzlich vorgeschlagene intratumorale IL-2-Applikation sollte 
für kanine MZT sorgfältig überdacht werden, laut der vorliegenden Studie zumindest für gut 
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8 Supplemental Material 
Supplement 1 mRNA and Protein Expression Levels and Significant Differences 
of the Interleukin-2 Receptor Subunits and the Ligand Interleukin-2 
mRNA CD25 CD122 CD132 IL-2 
GI vs. GIII  [p=0.047] *  [p=0.310]  [p=0.054]  [p=0.160] 
LG vs. HG  [p=0.023] *  [p=0.188]  [p=0.104]  [p=0.257] 
WT vs. M n.d.  [p=0.118]  [p=0.299]  [p=0.953] 
Protein CD25 CD122 CD132 IL-2 
G I vs. G II  [p=0.012] *  [p=0.162]     [p=0.000] *  [p=0.228] 
G I vs. G III  [p=0.000] *  [p=0.153]     [p=0.000] *     [p=0.000] * 
G II vs. G III  [p=0.000] *  [p=0.781]     [p=0.043] *     [p=0.000] * 
LG vs. HG  [p=0.000] *  [p=0.207]     [p=0.000] *     [p=0.000] * 
WT vs. M n.d.  [p=0.480]  [p=0.098] 
    [p=0.000] * 
P values [ ] and significant differences * (P <0.05) were analyzed between grade I (GI), grade II (GII) 
and grade III (GIII) MCT, between low-grade (LG) and high-grade (HG) MCT and between c-KIT wild-
type MCT (WT) and c-KIT mutated MCT (M) 
 Higher expression in the compared group 
 Lower expression in the compared group 
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